a2 United States Patent

Nam et al.

US007378956B2

US 7,378,956 B2
May 27, 2008

(10) Patent No.:
45) Date of Patent:

(54) ULID DATA STRUCTURE, ULID-BASED 5,872,526 A *  2/1999 Tognazzini ............... 340/961
LOCATION ACQUISITION METHOD AND
LOCATION-BASED SERVICE SYSTEM (Continued)
(75) Inventors: Kwang Woo Nam, FOREIGN PATENT DOCUMENTS
Choongcheongbuk-Do (KR); Jong Hun KR 2000-00409 1/2000
Lee, Seoul (KR); Jong Hyun Park,
Taejon (KR
acjon (KR) (Continued)
(73) Assignee: Electronics and Telecommunications OTHER PUBLICATIONS
Research Institute, Tacjon (KR)
Oat Systems & MIT Auto-ID Center; Technical Manual; The Object
(*) Notice: Subject to any disclaimer, the term of this Name Service; Version 0.5 (Beta); Auto-ID Center; Published Feb.
patent is extended or adjusted under 35 1, 2002; pp. 1-43.
U.S.C. 154(b) by 81 days. (Continued)
(21) Appl. No.: 10/861,936 Primary Examiner—Thomas Mullen
(74) Attorney, Agent, or Firm—ILowe Hauptman Ham &
(22) Filed: Jun. 7, 2004 Berner LLP
(65) Prior Publication Data (57) ABSTRACT
US 2005/0140507 Al Jun. 30, 2005
The present invention relates to an LBS system in which
oreign ication Priori ata user location information is obtained using a code o
30 Foreign Application Priority D location infe ion is obtained using a ULID code of
Dec. 24, 2003 (KR) 10-2003-0096964 RFID tags attached to various places such as a building, a
D store, road signs, footway and road, and various L.BSs are
rovided based on the location information. The problems
(51) Int. Cl provided based he location inft ion. The probl
G0¢-9B 1 08 (2006.01) that can be caused when using a conventional GPS and a
(52) US.Cl ’ 340/539.13: 340/572.4- wireless network are solved. It is easy to immediately obtain
e 340/82549 342/357' Oé' 455/414 l’ location information through a tag and security of private
5% Field of Classification S ’ ,h ’ ’340/572 l information can be enhanced. The L.BS system of the present
(58) Field o 14 0/355755 232130;1 ] ;’?;;5 494261 9. 235/ 37' 5f invention of the present invention includes: a plurality of
701/2(')7’ 213'. 4’55/4'04’2 41'4 li 342/450’ RFID tags distributed on various places, for wirelessly
A10/357 61 35’7 06. 357 Oé 35§ 1’3 157 l7f providing a ULID code of a location; an RFID reader for
e s 5 0'7 / 1’0 ] 0 0. ’7 09 /'2 ] 7’ wirelessly receiving the ULID code from an adjacent RFID
S lication file f ) > b h', tag; a local ULID processor for extracting current location
ee application file for complete search history. information through a wirelessly received ULID code; and
(56) References Cited a local LBS application for providing a user with an LBS on
the basis of the extracted location information.
U.S. PATENT DOCUMENTS
5,517,419 A * 5/1996 Lanckton et al. ........... 701/216 52 Claims, 22 Drawing Sheets
j LDCWUN/ 5
i T
£08 Pll;EI\EAT\Lgﬁ o | SERICE FECUES™
LOCAT 10K LOGATION | EXTERNAL LBS
“RANSHI 510 WF@B}JWIGN SRVER
LOB’ ‘EE%QO‘ ! o LI/ L;CAI I
TR LOGATION | % poar oy TFCRUATION STI0N
ULIC[SNDE#E:’«SE T ESRMET o wi | (e
Lo
Lot ULID ULIB-TO-LOGATION .
e CRUATION  —— 507
g~ POESR R oot 0t e
S T
i “’“Nmﬁm
w1 mmos | CTEIND e | g
SERVICE

ULip I UL\DI ULIJ[

REC || LRFID
4G ThG

L-RFIC
T46




US 7,378,956 B2
Page 2

U.S. PATENT DOCUMENTS

6,600,418 B2
2003/0057270 Al*
2004/0087273 Al*
2005/0006470 Al*
2005/0136886 Al*

7/2003
3/2003
5/2004
1/2005
6/2005

Francis et al.
Collen ......cevvvvvvvvneennnn 235/375

Perttila et al. .. 340/572.1
Mrozik et al. .............. 235/385
Aarnio et al. ............ 455/404.2

FOREIGN PATENT DOCUMENTS
KR 2003-64686

8/2003

WO WO 96/07110 3/1996

OTHER PUBLICATIONS

Daniel W. Engels; Technical Memo; The Graticule Coordinate
Code; Auto-ID Center; Nov. 2000; pp. 1-8.

* cited by examiner



U.S. Patent May 27, 2008 Sheet 1 of 22 US 7,378,956 B2

FIG. 1

(Prior Art)

16
GPS SATELLITES

/
TRIANGULAT 10N MEASUREMENT M
USING & GPS SIGNAL 4D
4 NETHORK SIGNAL

A

N LOCATION INFORMATION
y ACQUISITION

MOBILE TERMINAL L
SUCH AS A HAND-HELD | BS THROUGH =
TELEPHONE OR 4 PDA - WIRELESS INTERNET

14
LBS SERVER

11 LBS THAOUGH 1
HIRE INTERNET

FlG 2 (Prior Art)

[ RFID  READER |
ol TRANSUTTER | |<_POHER AND/OR DATA

CPU BUILT-IN INFORMATION
PROCESSING UNIT
SUCH AS A COMPUTER,

~

N

RFID TRANSPONDER

CONTROLLING UNIT

7/
s

A PDA AND 4 HAND-
HELD TELEPHONE

DT )
3

- RECEIVER =]

e -

|\ [DATA PROCESSING AND %



U.S. Patent

FIG. 3

May 27, 2008 Sheet 2 of 22 US 7,378,956 B2

(Prior Art)
3~ COIL ANTENMA  F--mm CIPACITOR  b~— 33
— %
I
MENORY
]
b
431
FIG. 4a |
(Prior Art)
HEADER | EPC WANAGER| OBJECT CLASS | SERIAL NUNBER
EPC-96 | 0-7317S | 8-3%BITS |  36-59BITS 60-95817S
EXAMPLE CF EPC-96 01 - 0000A8% - QO16F - 000169DCO
' (Prior Art)
VERSION | LATITUE L0 T TTTIE
0-7BITS | &-3%BITS | 36-B7BITS 88-10331TS




U.S. Patent May 27, 2008 Sheet 3 of 22 US 7,378,956 B2
FlG 40 (Prior Art)
_ VERSION [ DOMAIN MANAGER | OBJECT CLASS | SERIAL NOWBER
EPL-26 TVPE T | “aaiys | amITS 5631TS 128178
] VERSION [ DOMATN MANAGER | OBJECT CLASS | SERIAL NUWECR
CBETPEL | “aairs | eITS F6RITS 198318
] VERSIOY | DOMA N HANAGER | OBJECT CLASS | SERIAL NUMBER
P TRE T | iy 12681 TS 563/ T S4BITS
52
|/
oy,
REID _—ir
READER(51) Mg

AN

5]
5]

®

& —




U.S. Patent May 27, 2008 Sheet 4 of 22 US 7,378,956 B2

607 602 603 606

R S S boon |

| WBITE | '
| WIRELESS LAY/
| COMAUN AT 10N i KEYPAD /RUTTON
' GPS NODULE |1 |  BLUE TOOTH
oo NODEN {SUCH | INPUT DEVICE
i AS CDWA) i CONTROLLER
. F P—— ]
- \ 1 1 ~

j ] |

| | f,,.eo7 |

10 RFID READER/| | EATERNAL MENORY DISPLAY

cormOLER | | Hhrooes g

o= /S 1N\

REID ||COMMUN [CAT1ON U
READER HODEN

FIG. 7a

| 1043173 |

VERSION | LATITUDE | LONGITUDE | ALTITUGE
JLID TYPE BITS | 3BITS | 3BITS | 3BITS

(BYTE)  (FLOAT)  (FLOAT)  (FLOAT)

| 1288175
Jp e o | VERSIONT LATITUDE | LoNGITUDE | ALTITUDE [2-S1GMA PRECISION (cn)
BITS | 3BITS | 3BTS | 3BITS 2ABITS
(BYTE)  (FLOAT)  (FLGAT)  (FLOAT) (UINT24)

| 104817 |

VERSION [ CB/WGT 1D | CLASS 1D | OBJECT 1D
ULID TYPE 3 BITS | 3BITS | 3WITS | SBITS

(BYTE}  {UINT) (UINT) (UINT)

| 1288178 |

JLID TVRE 4 VERSION | DB/MGT 1D | CLASS 1D | OBJECT ID| OFFSET ID
8BITS | 3%BITS | 32BITS | 32BITS | 24BITS

(BYTE)  (UINT) (UINT)  (UINT)  (UINT24)




U.S. Patent May 27, 2008 Sheet 5 of 22 US 7,378,956 B2

FIG. 7b

| 136BITS |
| VERS|ON | LATITUDE | LONGITUDE | ALTITUDE |AUTHENTICATION] _ 751
AUTHENTICAT IO ULID TYPE 1 | Yesmed® | g 1 RIS | 3T RIS
(BYTE)  (FLOAT)  (FLOAT)  {FLOAT) (BYTE)
AUTHENTICATION ULID TYPE 2, 3, 4
ULID TYPE 2 | AUTHENTICATION | | ULID TYPE 3 [ AUTHENTICATION | | ULID TYPE 4 | AUTHENTICATION
128BITS 328178 104B1T8 30BITS 128BITS 32B1TS
707 723 724
FIG. Tc
731
| ? 1048178 |
VERSION | IPADDRESS | €LASS 1D [ OBJECT 1D
LD TYPE S 8BITS | 32BITS | 32BITS | 32RITS
(BYTE)  (UINT) (UINT) (UINT)
EPC-256 TYPE T
VERSION | DONAIN MANAGER| OBJECT CLASS SERIAL NUMBER
8RITS B4BITS 56BITS 128818
& INCLUDED IN A SERIAL NUMBER PART
ULID
56RITS

EPC-256 TYPE 1

VERSION [ DOMAIN MANAGER
8BITS 32BITS

1 'NCLUDED IN & SERIAL NUMBER PART

SERIAL NUMBER
1928178

OBJECT CLASS
53BITS




U.S. Patent May 27, 2008 Sheet 6 of 22 US 7,378,956 B2

FIG. 8

VERSI ON
0000000
(000001

(000010
(000011

0000100

‘RESERVED
:LOCATION [N A LATITUDE AND LONGITUDE COORDINATE SYSTEM REPRESENTED IN WGC84

(ELC TYPE 1)

:LOCATION OF TYPE 1 INCLUDING AUXILIARY INFORMATION FOR PRECISION 2-SIGMA (95 %)

(ELC TYPE 2)

“INDIRECT LOCATION FOR REPRESENTING LOCATION THROUGH A SPACE OBJECT 1D ON SPACE DATABASE

(ELC TYPE 3)

'TYPE 3 HAYING OFFSET FOR POINTING AT SPECIFIC COORDINATES IN A SPACE OBJECT ID
(ELC TYPE 4)

FIG. 9

005 // 304

LOCATION
,/ INFORNAT | ON 2
SERVICE PEQUEST
906 APFLJE%&\T%EE g | SR LT
LOCATION |d§%%ﬁ1%q%N EXTSRNAL LBS
TRANSHISS 0N ERVER
CLIENT REQUEST
LOGAL MAP/POI/
R T
CONTENTS/ INEORMATION| | LOCATION LOGAT IO
ULID DATABASE REGUEST [NFORMAT [ ON ULID [ [INFORMETTON
LD
LOCAL ULID UL1D-TO-LOCAT IO
PROCESSOR LOCATION INFORVATION 1~ 907
03—t INFORMATION  [CONVERSION SERVER
REID
ULID AND
SEARCHING | |, D
REQUEST AUXILIARY DB/NGHD
SERVICE
ULID IRDED;

| L-RFID | L-RFID || L-RFID

0 —~7 "1 TG i




U.S. Patent May 27, 2008 Sheet 7 of 22 US 7,378,956 B2

FIG. 10

LOCAL LBS LOGAL ULID LOCAL CONTENTS
LBS USER APPLICATION PROCESSOR  RFID READER  L-RFID TAGS  /ULID DATABASE
SERVICE
EXECUTION LOCATICN
INFORMAT | ON 1010
REQUEST

REQUEST FOR
RFID SCANNING

|
|
|
|
|
|
i
12 |
|
|
I
|
|
I
|
|

RFID SCAN
ULID/AUXILIARY | ULID SIGNAL
DATA
K1021 ULIC (TYPE 3/4) SEARCH
___________ _E_______—I_________-]
| 1OTLOGATION [NFORATION]
L k1012 |
|
1028 1| FILTERING |
OPT IMAL :
1024 ——t | LOCA”ION

jINFORNATIO |
LOCAT | ON DETECTION |
INFCRYAT 10N |
LBS SERVICE :
|
|
|




U.S. Patent May 27, 2008 Sheet 8§ of 22 US 7,378,956 B2

FIG.

/ EI_ECTROMAGNET\C HAYE
/ TRAVELING DISTANCE R
07 RFID READER. =7

r iﬂfRHD ;]
\ READFR

\ (UL'DSS),// iz
\
021t g

N
S
1D T46 -

.‘-.-—h__‘_____"_-

AIMLESS MODEL OF RFID READER SIGHAL

FIG. 11b

DIRECTIONALITY OF RFID READER SIGNAL



U.S. Patent May 27, 2008 Sheet 9 of 22 US 7,378,956 B2

FIG. 12

ULID FILTERING ALGORITH

INPUT @ LIST UL GF (ULID, SIGNALSTRENGTH)

PRECISION DISTANCE THRESHOLD T1 (DEFAULT IS INFINITE)
SIGNALSTRENGTH THRESHOLD T2 {DEFALLT 1S 0}

|

REMOVING ULID HAVING A PRECISION
DISTANCE LARGER THAN T1 IN UL

|

REMOVING U_ID HAVING A SIGNAL
STRENGTH LESS THAN T2 IN UL

RETURNING
UL AND
TERMINATED



U.S. Patent May 27, 2008 Sheet 10 of 22 US 7,378,956 B2

FIG. 13

ULID OPTIMAL LOCATION DETERWINATION ALGORITHM

INPUT = 1) LIST L1 OF POINT TYPE INFORMATION SET (POINT, LOCATION PRECISION DISTANCE N, §)
OF TYPES 3 AND 4 OBTAINED BY ULID TYPES 1 AND 2 AND ULID-TO-LOCATION INFORMAT 0N
CONVERS ON

2) LIST L2 OF INFORMATION SET ({P, L}, DISTANCE, S} OF TYPE 3 HAVING LINESTRING AND
POLYGON SHAPE
3} SIGNAL TRAVELING RADIUS R OF RFID

SINPLE WODE? tes
1
STORING THE NFORMAT 10N
PERFORK NG BUFFER SETS HAVING THE LEAST | 4904
(PERATION ON SPACE PRECISION DISTANGE
INFCRWATION OF L1 AND LN

130T __ 119 Y USING'THE LOCATION

PRECISION DISTANCE < R"
AS A PARANETER. AND

STORING L1 AKD L2 IN R

|

EXTRACTING THE PORTION
THAT CONMONLY INTERSECTS
1302 —~—JALL THE SPACE  INFORMAT ON
‘N RT AND STORING THE

PORTION N Re REMOVING OTHER SETS | [ RENOVING OTHER SETS
i 1310 | EXCEPT FOR THE SET | | EXCEPT FOR THE SET
. HAVING THE GREATEST | [NEAREST TO THE AVERAGE
i Ml b
AND GENERATING Y IN SETS IN XL
1303 ~—LWHICH THE CENTER POINT ‘ {
IS DEFINED AS LOCAT ON Yes
POINT AND THE RADIUS OF @ 1206
THE CIRCLE IS DEFINED | 1309
4S LOGAT IO PRECIS|ON Mo
DISTANCE STCRING A SET

1807 ~TBENG INXL IN )

!

STORING THE SUN F R AND
LOCATION PRECISION DISTANGE| -+ 55
W OF X IN Y, [N OTHER
HORDS, Y = (X.POINT, X.W+R)

RETURN NG Y
AND ENDING




U.S. Patent May 27, 2008 Sheet 11 of 22 US 7,378,956 B2

FIG. 14a

-
Ve \\
v = — \
/ - ~ \
/ // \\ A
PRECS10H /D1 STANCE /=3 L RFID SIGNAL TRAVELING DISTANCE r=5m
OF RFIDITAE O 1, -
\ ERRORJHEN SELECTING RFID L m )
\ ~ // /
\ ~ - /
AN - /
~ s
\\ //
//_,_._____‘/‘\/\,——— qﬁ\““*\
-~
1308 —~ :/ TypuEli(a M/) ULID(1,3) « TYPE \T“"-’1327
- \
v \
1301
A 1322
104 At
\‘\WWPH JELRVCEIER I
AN Y y
1325 S > y



U.S. Patent

May 27, 2008 Sheet 12 of 22 US 7,378,956 B2
ol __\\
// ULID TYPE1T N S
1431 _ e ——
g ~ 47T \
g |
7 \ |
/ N ‘
/ ()
{ \ |
[ \
LW TE | ]
W/ ——
A /
A /!
~ e
>~ —_— - -
/ 1441
ULID TYPE1 7/
@ Yy =7
-1 — g// \ |
// \\\ @ \ O ‘\\ |
// \\ \\ ULID TYPES T-Jl\/1445
/ D R bl B QR
O - N
ULID TYPE1(3,1) y 1447
N )




U.S. Patent May 27, 2008 Sheet 13 of 22 US 7,378,956 B2

FIG. 15

FAST ALGORITHW OF ULID OPTIMAL LCCATION DETERMINATION
INPUT: 1) LIST L1 OF POINT TYPE INFORMATION SET (POINT, LOCATION PRECISION DISTANCE M, S) OF
TYPE 3 AND 4 OBTAINED BY ULID TYPES 1 AND 2 AND ULID-TO-LOCATION [NFORMATION CONVERSION

2) LIST L2 OF [NFORMATION SET ((P, L), DISTANCE, S) OF TYPE 3 HAVING LINESTRING AND
POLYGON SHAPE

CALCULATING MBR OF A CIRCLE WHICH HAS A PGINT ON EACH SPACE [NFORMATION

OF L1 AS A CENTER AND "LOCATION PRECISION + R" AS RADIUS, AND STORING 1~— 1501
THE MBR IN R

EXTRACTING MBR FOR EACH SPACE INFORMATION P AND L OF L2, EXPENDING
THE SIZE AS MUCH &S "LOCATION PRECISION DISTANCE + R', —— 1502
PERFORMING MBR OPERATION, AND ADDITIONALLY STORING THE RESULT IN R1.

EXTRACTING THE PORTION THAT COMMONLY [NTERSECTS ALL THE

SPACE INFORMATION [N R1 AND STORING THE PORTION IN R2. — 10

GENERATING A CIRCLE INCLUDING ENTIRE R2 AND GENERATING Y [N WHICH THE
CENTER POINT |5 DEFINED AS LOCATION POINT AND THE RADIUS OF THE —— 1304
CIRCLE [S DEFINED AS LOCATION PRECISION DISTANCE.

RETURNING Y AND ENDING



U.S. Patent May 27, 2008 Sheet 14 of 22 US 7,378,956 B2

ALGORITHH OF A ULID PROCESSOR
INPUT: LOCATION [NFORMATION REQUEST HAVING THRESHOLD CF AN LBS APPLICATICN
(IF THERE 1S NOT S, DEFAULT IS INFINITE)

i (DATA S), STORING TYPES 1 AND 2 IN L1 AND STORING TYPES 3 AND 4 IN B1
REQUESTING & RFID READER TO SCAN, AMONG THE RECEIVED LIST OF {ULID, AUXILIARY)

ULID DATABASE AVAILABLE?

1602 Vos

1601 —

RESOLVING ULID DATABASE FOR ULID TYPES 3 AND 4 OF B1, STORING THE RESOLVED
ULID OF TYPE 4 AND THE POINT TYPE ULID OF TYPE 3 IN L1 AFTER REMOVING BI,

1603 AND STCRING THE ULID OF TYPE 3 [N L2 AFTER REMOVING B

No
[S B1 NOT EMPTY AND IS A REMOTE ULID DATABASE AVAILABLE?

1605 ~— RESCLVING DB/MGT D INTO AN [P ADDRESS BY USING ULID NAME SERVICE

RESOLVING THE REMOTE ULID DATABASE BY USING A CONVERSION SERVER, STORING THE

1606 ~—— RESOLVED ULID OF TYPE 4 AND THE POINT TYPE ULID OF TYPE 3 IN L1 AFTER
REMOVING BT, AND STCRING THE ULID OF TYPE 3 IN L2 AFTER REMOVING Bt

1607 ——t FILTERING ULID

1608 — DETECTING OPTIMAL LCCATION [NFORMATION

1609 RETURNING LOCATION AND ENDING




U.S. Patent May 27, 2008 Sheet 15 of 22 US 7,378,956 B2

FIG. 173

1710 71
LOGAL UL 1D NAME B/WGT 1D RENOTE ULID VAKE
SERVICE PROCESSOR T SERVICE PROCESSOR

DB/MGT 1D AND ULID
-TO-LOCAT I ON
| NFORMAT I ON
COMVERSION SERVER [P
MAPPING TABLE

DB/MGT (D AND ULID
~TO-LOCATION
INFORMAT | ON

GONVERSION SERVER

IP MAPPING TABLE

JLID NAME SERVICE

ULID NAME SERVICE
SERVER [P ADDRESS
TABLE

SERVER IP ADDRESS
TABLE

1715

172 1713

FIG. 170

1716

J/

JLID NAME SERVIGE AN EXAMPLE OF A ULID NAME SERVICE SERVER [P ADDRESS TABLE

129.254 115.167
129.125.113.114
68.45.4.4

7

v

AN EXAMPLE OF A DB/MGT ID CONVERSION SERVER |P WAPPING TABLE

SFFFFFFFD  129.254.115.167 //
100000004 129.125.113.114 //
322244408 129,125 113,114 /|




U.S. Patent May 27, 2008 Sheet 16 of 22 US 7,378,956 B2

FIG. 18

LOCAL
CONTENTS  EXTERNAL

EXECUTION  LOCAL ULID AULID USER OR

LBS USER  APPLICATION  PROCESSOR  FRFID RFADFR  L-RFID TAGS ~ DATABASE  LBS SERVER

SERVICE LOCATION
EXECUTON INFCRMAT 1 ON
REQUEST

REQUEST FOR
- 18101 RFYD SoAMNING

TRANSH I SSION

RFID SCAN
OLID/AUXIL I ARY | UL1D SIGNAL
81T~ DATA

ULID (TYPE 3/4) SEARCH
_______________________________ -
LOGATION [INFORMATION |
|
ULID |
FILTRATION |
GPT INAL :
LOOCATAIONO |
INFORMATION | CETECTION |
LOCAT 10N I
INFORMAT | ON |
|
|
|

1812



U.S. Patent

May 27, 2008 Sheet 17 of 22 US 7,378,956 B2
LOCAL
CONTENTS
EYECUTION  LOCAL ULID 1ULID
LBS USER  APPLICATION  PROCESSOR  RFID READER  L-RFID TABS  DATABASE
SERVICE
EXECUTION SERVICE
FXECUT 0N
REQUEST FOR
RFID SCANNING
REID SCAN
LID SIGNAL
ULID/AUXILIARY LD Sl
~ DATA
1808 —=7 ULID (TYPE|1/2) SEARCH
LOCAT ION || NFORMAT | ON
ILID
FILTERING
OPTINAL
LOCATION
LOCATION INFORMAT 10N
|NFORMAT ION DETECTION
REQUESTING & WP OF CURRENT LOCATION RADIUS 100 M
[
MAP CONTENTS N 1001
L85 SERVICE N




U.S. Patent May 27, 2008 Sheet 18 of 22 US 7,378,956 B2

FIG. 20

ULID-TO
~LOCATION
EXFCLTION LOCAL ULID Ve RN ey
LBS USER #PPLICATION PROGESSOR  RFID READER L-RFID TAGS  SERVICE  SERVER L3S SERVER
SERVICE
EXECUTION
REQUEST FOR
RFID SCANN NG | B
RFID SCAN
ULID SIGNAL
UL ID/AUXIL | ARY
DATA
2010 —F
2012 ~—

REQUESTING A SERVER 1C CONVEHT DB/MGT 1D

CONVERTER SERVER 1P ADDRESS

TRANSM“TT\NG ULID (TYPE 3/4) 4D
REQUESTING A SERVER TO PERFORM CONVERS

I
LOCATION INFORMATION

ON

JLID
FILTERING

OPTIMAL

LOCATION
LOCATION | INFORMATON

INFORMATION ~ DETECTION

TRANGHITTING LOCATION INFORMATION AND REQUEST ING
A SERVER|TO PROVIDE A MAP SERVICE

LBS K‘*2013 MAP CONTENTS
SERVICE




U.S. Patent May 27, 2008 Sheet 19 of 22 US 7,378,956 B2
ULID-TO
LOCAL ULID i
EXTERNAL EXTERNAL PROCESSOR CONVERS | ON
LBS USER  LBSSERVER  THINCLIENT  RFID READER  L-RFID TAGS SERVER
SERVICE
REQUEST SERV|CE
EXECUTION
REQUEST FCR
RFID SCANNING
REID SCAN
ULID/AUK L1 4Ry | L1D STBNAL
DATA
:\ LLID
ULID/AUXILIARY [ FILTERING
DATA
REQUESTING A SERVER TO CONVERT LLID (TYPE 3/4)
LOCATION | INFORMAT 1N
OPTINAL
RS _ ] oo
SERVICE INFORMAT [ ON
DETECT QN




U.S. Patent May 27, 2008 Sheet 20 of 22 US 7,378,956 B2

FIG. 21b

CXTERNAL EXTERNAL LOCAL ULID
LBS USER LBS SERVER PROCESSOR RFID READER  L-RFID TAGS LBE?B 82?;%2%2/
SERVICE -
REQUEST
L EXECUTION
REQUEST FOR
R-ID SCANNINQ_
RF D SCAN
ULID/AUXIL|ARY 010 STGNA.
DATA
REQUESTING A SERVER TO CONVERT|ULID (TYPE 3/4)
LOCATION  [HFORMATION
::] JLID
FILTRATION
OPTIMAL
LOGATI ON LOCAT 10N
| NFORMAT1ON [ NFORMAT1ON
LBS CETECTICN
SERVICE




U.S. Patent May 27, 2008 Sheet 21 of 22 US 7,378,956 B2

FIG. 22

UL1D PROCESSOR CLIENT ALGORITr
INPUT - YHETHER LBS APPLICATIGN RECUEST # SERVER TO PERFORK FILTRATICH

REQUESTING & RF (D READER TO SCAN 4D STORE THE RECEIYED LIST (F
(ULID, AUKTLIERY DATA §) IN L1

FILTERING REQLEST?

Yes

FILTERING ULIDS OF TYPES 1 4D 2 MONG LLIDS STORED IN L1

s
RETURAING & LIST OF LLIDS




U.S. Patent May 27, 2008 Sheet 22 of 22 US 7,378,956 B2

FIG. 23

b RECUEST 3 SERVER T0 PROVIDE
phe— LOCAT IV INFORYATION

B THROUGH
NIRE INTERHET

___________________

A7 T
- HIELES TERET

MBI LE TERHINAL SUCH 45 &
HAND-HELD) TELEPHONE OR 4 PDA



US 7,378,956 B2

1

ULID DATA STRUCTURE, ULID-BASED
LOCATION ACQUISITION METHOD AND
LOCATION-BASED SERVICE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a location acquisition and
location-based service (LBS) system, and particularly, to a
universal location identifier (ULID) data structure, a ULID-
based location acquisition method and an LBS system, in
which user location information is checked using radio
frequency identification (RFID) tags attached to various
buildings, stores and road signs as well as ULID received
from the RFID tags, and various LBSs are provided based on
the location information.

2. Description of the Related Art

Today, with the advance of wireless communication tech-
nology such as mobile communication, the LBS is expected
to create a huge market in the field of wireless Internet
services in the future. The LBS combines location informa-
tion of a moving user or vehicle with other various infor-
mation in real time and provides an additional application
service necessary for the user. Location acquisition is one of
the most important factors in providing the user with the
LBS service.

The location information is the contents of the location of
an object and the real geographical feature on the ground,
which are represented using a predetermined method such as
a global positioning system (GPS) in general. The GPS is an
electromagnetic wave navigation system that precisely mea-
sures 3D location, speed and time of an object on the ground
using satellites, which receives a satellite signal transmitted
from a satellite identifying the location of the object by
triangulation, measures the elapsed time of the electromag-
netic wave to arrive at the system and calculates the user
location. Recently, the communication systems such as
CDMA and GSM employ a network system that provides
location information of a mobile terminal by using the
precise location of a wireless relay (or a base station). It is
advantageous that the location information can be trans-
ferred to a user in a building.

FIG. 1 illustrates a typical example in which location of
a hand-held telephone is acquired and the LBS is provided
using the conventional mobile communication described
above.

Referring to FIG. 1, a hand-held telephone 11 of a mobile
communication company keeps connecting to a base station
15 for communication. The locations of the hand-held
telephones connected to each base station 15 are managed
by the mobile communication company. The company can
provide the LBS of cell-ID level by using the location
information. To acquire the more precise location informa-
tion, triangulation is performed through a positioning deter-
mination entity (PDE) 12 by using signals transmitted from
more than two base stations 15. The location of the hand-
held telephone with a GPS module can be acquired using a
signal received by a GPS satellite 16 as well as a base station
signal. In some cases, the location information can be
calculated by a mixed method with the base station signal.
The acquired location information is transferred to an inter-
nal or external CP LBS server 14 through a location infor-
mation gateway 13 of a mobile communication company.
The LBS server 14 combines the acquired location infor-
mation with map and directory information to provide a
service through wireless Internet and wire Internet.
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However, when the location information obtained using a
GPS is provided to a civilian user, an error can be embedded
into the location information on purpose for security. Also,
the precision of the location information may deteriorate due
to geographical displacement of a satellite that transmits a
signal or the satellite may transmit erroneous location infor-
mation due to an electromagnetic wave interface problem.
The precision of the location information provided using a
network system is low since it is different from a relay in
their time and electromagnetic wave signals. Also, the
precision may vary very much according to the location of
a user. In the technologies, it is dangerous that private
location information may leak through a server when the
server performs a location information process to estimate
location since a hand-held terminal is short of computing
power as an assisted GPS.

Therefore, the technology is required, in which precise
location information is extracted in a city and an interior to
provide a service without any leakage of private location
information.

In the present invention, an LBS is provided using an
RFID so as to intend to solve the above-mentioned problem
of the related arts. The basic structure of an RFID will be
described in brief.

Recently, an RFID technology is applied to various indus-
tries such as electronics, dresses and foods. The RFID
consisting of a miniaturized IC chip and an antenna in the
fields can work as a wireless tag that can obtains the
information on goods without direct contact. For this reason,
the RFID is expected to substitute for the conventional
optical barcode that obtains information through contact.

FIG. 2 is a block diagram of a basic structure of a system
using the RFID and an RFID reader.

The RFID system is a wireless communication system
consisting of an RFID reader 20 for reading and interpreting
information and an RFID transponder 30 for providing the
corresponding information. The RFID transponder 30 is
called an RFID tag.

As widely known, the RFID systems are classified into an
inductively coupled system and an electromagnetic wave
system according to their connection for mutual communi-
cation, and are also classified into an active RFID and a
passive RFID according to whether the RFID tag uses an
additional energy source such as a battery or an external
power source or not for its operation.

Most of the inductively coupled RFID tags are always
operated as the passive RFID system. In other words, the IC
chip in the RFID tag obtains all the energy for its operation
from a reader and does not necessitate any additional power
source. For this purpose, an antenna coil 25 of the RFID
reader 20 generates strong electromagnetic field of high
frequency around the antenna coil 25. Some of the emitted
electromagnetic field generates inductive voltage in a coil
antenna of a tag spaced from the RFID reader 20 to provide
the tag with energy. For this reason, the passive RFID can be
used semi-permanently and is small-sized but has a short
transmission range. Since the active tag uses an additional
energy source, a strong response signal is generated and
transmitted so that the RFID signal can be detected at a long
range even in the region in which transmission signal of the
reader is weak. However, since the battery has a compara-
tively short life span, the effective life span of the tag is
limited and is large-sized and expensive compared with the
passive tag.

FIG. 3 illustrates a general configuration of the passive
RFID. The passive RFID 30 includes an IC 31 and a coil
antenna 32 in general. A capacitor 33 is selectively used to
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synchronize an operation frequency of the tag to a prede-
termined value. The IC 31 permanently stores a tag identifier
and other useful information, interprets and processes a
command received from the RFID reader 20, responds to the
RFID reader 20, and includes software and a circuit for solve
a collision caused when a multiplicity of tags assists hard-
ware to responds to inquiry at one time. The location and
characteristic of the antenna 32 are different according to the
required operation frequency for an RFID portion of a tag.
For example, the RFID tag of a frequency such as 2.4 GHz
includes a linear dipole antenna or a folded dipole antenna
while the RFID tag of a frequency such as 13.56 GHz
includes a spiral antenna or a coil antenna.

The RFID includes information that can be used as an
identifier in a memory 34 of the IC chip. FIG. 4A illustrates
a basic structure of 96-bit electronic product code (EPC)
suggested by the MIT AutoID center and its embodiment. In
other words, the EPC consists of a header, an EPC manager,
an object class and a serial number part.

The header identifies its version. The EPC manager is an
identifier of a manufacturer that can allocate the EPC. The
object class is used to specify a category such as goods that
the manufacturer produces. The serial number part identifies
a serial number of the goods.

FIG. 4B illustrates a structure of a location code suggested
by AutoID center in the year of 2000. In the present
invention, the location code is used as a reference code. The
code includes an 8-bit header for identifying its version and
32-bit parts for identifying latitude, longitude and altitude
respectively.

MIT AutoID center has suggested the types of the EPC
code as shown in FIG. 4C but has not suggested a service
method using the types of the EPC code.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a ULID
data structure, a ULID-based location acquisition method
and an LBS system, which substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

It is an object of the present invention to provide a ULID
data structure, a ULID-based location acquisition method
and an LBS system, in which precise location information is
extracted using RFID tags attached to various buildings,
stores and road signs and ULID and also danger of infor-
mation leakage is minimized so that an LBS of ubiquitous
environment can be provided to a user.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims herecof as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, there is provided a ULID code
structure including: a header having version information for
identifying a type of each of the ULID codes; and data
blocks for identifying latitude, longitude and altitude of
location respectively.
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Preferably, the ULID code structure further includes: a
data block for identifying precision of unsigned integer type
so0 as to identify precision of corresponding location infor-
mation.

According to another aspect of the present invention, a
ULID code structure includes: a header having version
information for identifying a type of each of the ULID
codes; a DB/Mgt ID block for identifying database including
space objects; a class ID block for identifying an object class
or a table in the database; and a object ID block for
identifying an object space in the object class or the table.

Preferably, the ULID code structure further includes: an
offset value data block for identifying a specific location in
a region of a corresponding space object.

According to another aspect of the present invention, a
ULID-based location acquisition method includes: (a) dis-
tributing RFID tags to a plurality of places and memorizing
a ULID code for the corresponding place in each RFID tag;
(b) wirelessly receiving a ULID code of the RFID tag near
to the current place through an RFID reader; and (c) ana-
lyzing the received ULID codes and extracting current
location information.

According to another aspect of the present invention, an
LBS system using ULID includes: a plurality of RFID tags
distributed on various places, for wirelessly providing a
ULID code of a location; an RFID reader for wirelessly
receiving the ULID code from an adjacent RFID tag; a local
ULID processor for extracting current location information
through a wirelessly received ULID code; and a local LBS
application for providing a user with an LBS on the basis of
the extracted location information.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, are incorpo-
rated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a schematic diagram of a location acquisition
and LBS service in a conventional mobile communication
environment;

FIG. 2 is a schematic diagram of an RFID reader and tag
applied to the present invention;

FIG. 3 illustrates an inner configuration of a passive
RFID;

FIGS. 4A through 4C illustrate an electronics product
code (EPC) and a location code suggested by MIT Auto-ID
center;

FIG. 5 illustrates a ULID-based LBS according to the
present invention schematically.

FIG. 6 illustrates a mobile terminal for a ULID-based
LBS according to the present invention schematically;

FIGS. 7A through 7D illustrate a structure of ULID and
structures of extended ULID according to the present inven-
tion;

FIG. 8 illustrates versions of the ULID according to the
present invention;

FIG. 9 illustrates a location acquisition and LBS system
according to the present invention schematically;
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FIG. 10 illustrates a basic procedure of a ULID-based
LBS service according to the present invention schemati-
cally;

FIGS. 11A and 11B illustrate a signal model of an RFID
reader for optimal location acquisition according to the
present invention;

FIG. 12 is a flowchart of ULID filtration according to the
present invention;

FIG. 13 is a flowchart of optimal ULID location deter-
mination according to the present invention;

FIGS. 14A through 14D illustrate example of optimal
location determination according to the present invention;

FIG. 15 is a flowchart of a fast algorithm of optimal ULID
location determination according to the present invention;

FIG. 16 is a flowchart of operation of a ULID processor
according to the present invention;

FIGS. 17A and 17B illustrate a ULID name service
according to the present invention;

FIG. 18 illustrates a procedure of a self-location inform-
ing service using ULID according to the present invention;

FIG. 19 illustrates a procedure of a map contents service
according to the present invention;

FIG. 20 illustrates a procedure of an LBS service using a
network according to the present invention;

FIGS. 21A and 21B illustrate two different modes of a
service in which an external user requests an external L.BS
server to provide a terminal user location according to the
present invention;

FIG. 22 is a flowchart of operation of a ULID processor
client according to the present invention; and

FIG. 23 illustrates an example of a service to which the
present invention is applied.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

FIG. 5 illustrates an embodiment in which location infor-
mation is acquired from the RFID tags attached to street and
by using a RFID reader combined with a hand-held tele-
phone and an LBS service is provided.

Referring to FIG. 5, a box with a legend “L.” is a location
RFID tag 52 including a coordinates identifier such as
WGS84 using a location code.

The location information of the RFID tag 52 is actual
information of the location where the location RFID tag 52
is attached. The location information can be automatically
recorded using a 4S-VAN or manually recorded by mea-
surement.

The location RFID tag 52 can be installed any place such
as a guard rail, a street tree, a signal lamp, wall of a building,
a store sign, a store door and a lamp in an underground store,
where the RFID tag can be fixedly attached.

The RFID reader 51 embedded in a hand-held terminal 50
such as a hand-held telephone or a PDA transmits an RFID
signal and a near RFID tag 52 transmits its own location
code stored in the tag in response to the RFID signal. A user
searches contents stored in a hand-held terminal by using
transmitted location information or transmits the location
information to an LBS provider, that is, an LBS CP server
to use an LBS.

FIG. 6 illustrates an embodiment of a mobile terminal to
which a location acquisition and [L.BS method according to
the present invention can be applied.
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Referring to FIG. 6, the hand-held telephone includes
basic components such as a CPU 601, an input device of a
keypad/button, a display and a memory, which a computing
system should be basically equipped with.

The hand-held terminal can be constituted as an integral
system including a mobile communication modem 602
supporting mobile communication functions such as CDMA
and GSM, a GPS module 603, an RFID reader 605 and a
wireless LAN/Bluetooth 606. For example, the model [Paq
5450 that is a PDA of HP includes a wireless LAN/Bluetooth
integrally and can expand a CDMA mobile communication
modem and a GPS through a CF and SDIO external expan-
sion interface.

The CPU 601, the mobile communication modem 602
and the GPS module 603 can be integrated into a single chip
604. For example, the model MSM 5500 of Qualcomm
integrates a process core, a CDMA modem and a GPS
function in one chip. When the RFID are generalized, a
terminal including an RFID reader is expected to appear.
Now, the RFID reader can be used though an external
expansion interface 607.

FIG. 7A illustrates an embodiment of a ULID code
suggested in the present invention.

Here, the ULID is a collection of identifier code structures
including various types of location identifier code. Each type
of the location identifier codes is identified by a header of a
leftmost 8-bit version. FIG. 8 illustrates each type repre-
sented by the version header values.

Referring to FIG. 7A, the structure of ULID type 1
includes latitude, longitude and altitude, each of which is
32-bit float type defined by IEEE754. The used coordinate
system is can be selected variously due to various TMs but
a WGS84 coordinate system is preferable for compatibility
with a GPS.

The structure of ULID type 2 further includes a 24-bit
unsigned integer type (uint24) precision part. The precision
is used to represent an error rate of the method used to
measure location, which is represented by the unit of cm and
for which the precision of 2-sigma (95%) is used. For
example, when location is obtained by a GPS having a
precision of 2-sigma (95%) and 30 m, the precision part has
a value (precision distance) of 3000 (=30*100 cm).

ULID type 3 represents location information not directly
but indirectly by using ID of a space object stored in
database. The structure of ULID type 3 includes DB/Mgt ID,
Class ID and Object ID of 32-bit uint type.

Here, the DB/Mgt ID is used to identify database includ-
ing space objects and can be allocated to an organization that
manages each database. For example, space information
database of offices in Seoul can be allocated to 3FFFFFFD,
new address space database can be allocated to 3FFFFFFFE,
and sea space database used to manage Ministry of Maritime
Affairs and Fisheries can be allocated to 4FFFFFF0. The
class ID is used to identify an object class or table in
database. For example, an object class of Seoul police
station database can be allocated to 1000AAAA. The object
ID is used to identify the object class or a space object in
table. For example, some police station X of Gangnam in
Seoul can be represented in the form 0f33330001. They are
integrally represented as follows.

03-3FFFFFFD-1000AAAA-33330001

ULID type 4 is an expanded version of ULID type 3 to
represent more precise location information by offset value
of space object. For example, assuming that the location
information represents the police station as a polygon, the
location information represented by the type 3 includes an
entire police station area. Therefore, in type 4, the offset
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indicates a particular point in space object value constituting
a polygon so that more precise location information is
provided. For example, if polygon coordinates of the police
station X include Polygon (Point(100, 100), Point (100,
200), Point (200, 200), Point (200, 100), Point (100, 100)) by
WKB and an Offset ID is 3, ULID is represented as
04-3FFFFFFD-1000AA AA-33330001-00000003. The loca-
tion indicated by the value is a single point. Point (200, 100).
The location indicated by the value is a single point of
Point(200, 100).

The DB/Mgt ID of the ULID types 3 and 4 is used to
resolve the ULID-to-location information conversion server
through the ULID name service system 908 to convert
ULIDs of types 3 and 4 into actual location information.
When the ULID is inputted through an RFID reader 902 and
there exists one ULID-to-location information conversion
server, the ULID-to-location information conversion server
has only to be required for ULID conversion. However,
since the ULID-to-location information conversion server
907 can be constituted by various database according to an
organization/company, DB/Mgt ID is sent to the ULID name
service 908 to find a corresponding conversion server for
actually converting the ULID and an IP address of the
conversion server for the ULID is received to request the
conversion server of the IP address to perform conversion.
For example, if an RFID having ULID of types 3 and 4 is
installed through the space information database of the
offices in Seoul, the conversion server 907 for converting the
ULIDs are run and a person who obtained the ULID should
register to the ULID name service system to access to the
server through DB/Mgt ID.

FIGS. 7B and 7C illustrate an embodiment in which
expansion and modification is possible based on ULID
codes of FIG. 7A.

FIG. 7B illustrates an expansion example in which 32-bit
authentication codes 721, 722, 724 and 723 are added to
each ULID type so that authentication is performed on an
organization/person who recorded a ULID value. Here,
public key-based authentication code is used to obtain
reliability of the information recorded on the ULID.

FIG. 7C illustrates that the DB/Mgt ID used in ULID
types 3 and 4 of FIG. 7A is replaced with an IP address 731
of a ULID-to-location information conversion server or a
server for managing ULID. So, the ULID processor of a
terminal that does not have its own ULID database does not
connect to the ULID name service 908 but connects to the
ULID-to-location information conversion server 907 to per-
form conversion.

FIG. 7D illustrates a method for using 56-bit ULID with
the 56-bit ULID in types 1 and 2 of EPC-256 code of MIT.
So, the advantage of EPC-256 code is accepted as itself and
the ULID can be used. The standard code role using domain,
object and class can be used. The ULID of the present
invention is designed to have the size less than 128 bits to
be used in EPC-256 type 2 as well as EPC-256 type 1
supporting 192 bits.

FIG. 9 illustrates a basic embodiment of a location
RFID-based LBS system according to the present invention.

Referring to FIG. 9, the LBS system includes a location
RFID (L-RFID) tag 901, an RFID reader 902, a ULID
processor 903, a local LBS application or location transmis-
sion client 905, local contents and ULID database 906, an
external LBS server 904 and a ULID-to-location informa-
tion conversion server 907.

The L-RFID tag 901 has a ULID code of FIG. 7 in a
memory. The RFID reader 902 receives the ULID code from
the L-RFID tag 901. The ULID processor 903 extracts
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optimal location information by using electronic location
codes (ELCs) received from the RFID reader 902. The local
LBS application or location transmission client 905 uses the
location information calculated by the ULID processor 903
actually. The local contents and ULID database 906 provides
LBS. The external LBS server 904 provides services exter-
nally. The ULID-to-location information conversion server
907 receives identifiers of the ULID types 3 and 4 through
a network and converts the identifiers into the location
information to return the location information.

Some of the components shown in a block diagram of
FIG. 9 can be omitted.

For example, the LBS application and location transmis-
sion client 905 does not have to connect to a network so as
to connect to an external LBS or convert the ULID when the
LBS application and location transmission clients 905 con-
nect to each other (910). In other words, even though the
external LBS server 904 and the ULID-to-location informa-
tion conversion server 907 are not connected to each other,
the ULID types 1 and 2 can obtain the location information
from their ULID. The ULID types 3 and 4 can obtain the
location through the contents/ULID database stored in a
local ULID database. The ULID name service 908 is used to
obtain the IP address of the ULID-to-location information
conversion server 907 to resolve the location information by
using DB/Mgt ID of the ULID types 3 and 4. The ULID
name service searches a DB/Mgt ID-IP address mapping
table stored in its terminal. If the IP address to be mapped is
found, the IP address is used. If the IP address to be mapped
is not found, the location information is converted into an IP
address through a ULID name service server.

FIG. 10 is a sequence diagram of an embodiment of a
simplest ULID-based LBS in which a hand-held terminal
without connecting to an external network obtains location
information by using a local RFID reader and provides the
location information.

As shown in FIG. 10, since a hand-held telephone is lack
of processing capability and a memory, the local contents/
ULID database 1010 is not essential. In this case, the
processors 1011 and 1012 for ULID process of ULID types
3 and 4 are omitted. In FIG. 10, the portion that can be
omitted is depicted by a dotted line.

Referring to FIG. 10, the local application calls a local
ULID processor to obtain location information. Here,
according to the necessity of application, a threshold value
such as location precision can be transmitted as a parameter.

Accordingly, the local ULID processor requests the RFID
reader to scan RFID (1022). The result value of the RFID
reader consists of ULIDs and auxiliary data 1021 such as
signal strength. The auxiliary data returned along with the
ULID are used at step 1023 and an optimal location extrac-
tion step 1024 when at least one ULID is obtained by
scanning once.

FIG. 12 illustrates an algorithm of the ULID filtration step
1023.

In the ULID filtration step 1023, a proper ULID value is
selected using a threshold value and the received ULID and
signal strength. Here, the threshold value transmitted by the
LBS application is a location precision distance of specific
level or the set of them. In this embodiment, to simplify the
description, the description will be made with limitation of
the precision distance of level of 2-sigma (95%).

Precision radius 1112 of length R is determined by the
hardware characteristic of the RFID reader. In other words,
as shown in FIG. 11A, when an RFID signal is extracted by
a general RFID reader, the RFID reader 1110 is not direc-
tional in general and performs available operation in a finite
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distance 1113 because of the characteristic of electromag-
netic wave. Therefore, the effective signal traveling distance
makes the least location precision distance of the location
information obtained by the ULID. The RFID tags 1111 in
the radius R transmit though a signal of the RFID reader.
Here, the RFID reader 1110 can also obtain the signal
strength received from each RFID tag as auxiliary data.
Since not all RFID readers are able to obtain signal strength
auxiliary data, all the signal strengths are set to have the
same value when the signal strength cannot be used.

FIG. 11B illustrates a directional RFID reader or the case
that ULID is obtained only within a predetermined angle due
to a use environment.

For example, in case a signal can be screened by an RFID
reader attached to one side of a vehicle, a wall-fixed reader
or an obstacle such as a hand-held telephone and a man, it
is assumed that the signal can be transmitted and received
only within a predetermined angle 1122. In this case, the
maximal signal traveling distance R 1121 determined by an
angle can be determined as well as a signal traveling
distance of the RFID. In other words, the diameter of a circle
including outermost points 1122 and 1123 is determined as
R in FIG. 11B.

On the other hand, FIG. 13 is a flowchart of the optimal
location information detection step 1024.

When at least ULID is obtained, in the simplest optimal
location information determination method suggested in the
present invention, the ULID having the least precision
distance is selected (1304), the precision distance m and the
signal traveling distance r are summed, and the summing
result r+m is defined as location precision distance (1305,
1306, 1307, and 1308). When some RFID L is selected, a
location of the actual RFID reader has the precision distance
as much as the summation of the precision distance m of L.
and the signal reception range r. It is the reason why the
summation m+r is performed.

In FIG. 13, the algorithm in which it proceeds from the
step 1304 to the steps 1305, 1307 and 1308 can be performed
by itself and used independently as a simple algorithm.

In FIG. 13, the steps (1309, 1310) and (1301, 1302, 1303)
are expanded to process LineString and Polygon space
objects extracted by the signal strength s and ULID type 3
data respectively.

Here, the steps (1301, 1302, 1303) have ULID type 3 and
more complex algorithm to extract more precise location. If
location precision distance of the obtained ULIDs is too
large or in order to perform more precise calculation, buffer
operation is performed on each point and space objects as
much as the distance m+r and each point and space objects
are stored in R1 (1301). Next, the area that fully intersects
all the buffer result area data in R1 is calculated and stored
in R2 (1302). A circle including all the space area in R2 is
generated and the center point is defined as location point.
The radius of the circle is defined as location precision
distance, stored in Y, and returned (1303).

FIG. 14B illustrates the simplest example to which the
steps (1301, 1302, 1303) of FIG. 13 are applied, and shows
an embodiment in which the location is estimated when thee
data of types 1 and 2 and one datum of type 4 are received.
Each ULID data generates arcas 1425, 1426, 1427 and 1428
as result of performing a buffer operation by r+m (reference
numeral 1424) in the step 1301 of FIG. 13. The result 1420
of performing intersection on a buffer area is obtained as the
result of the step 1302 of FIG. 13. Location information
consisting of the center location 1422 and location precision
distance 1421 is obtained as the result of the step 1303 of
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FIG. 13. FIG. 14C is illustrates a result in the presence of
value of ULID type 3. The area 1431 can be obtained by the
same process.

On the other hand, FIG. 15 illustrates an algorithm of
optimizing a process time of the steps 1301, 1302 and 1303
of FIG. 13.

To perform the steps 1301, 1302 and 1303, intersection
operation is performed. This operation necessitates very
long CPU process time. To solve this problem, the step 1301
of FIG. 13 uses minimum boundary rectangle (MBR) as
FIG. 14D to obtain considerable efficiency. Here, since
MBR includes imaginary area, the location precision dis-
tance is lengthened compared with the conventional steps
1301, 1302 and 1303.

Detailed description is made on the algorithm of FIG. 15.
MBR is generated on all the location information in L1
extracted by ULID types 1 and 2, and then is stored in R1
(1501). In other words, the summation m+r is performed on
ULID type 1 (3, 1) of FIG. 14D to obtain a circle 1442. MBR
operation is performed on this circle to obtain a rectangle
1443 and the rectangle 1443 is stored in R1.

In the second step of the algorithm, MBR is generated to
be stored in R1 additionally (1502). In other words, MBR
operation is performed on polygon 1445 of FIG. 14D to
obtain a rectangle 1446. This MBR is expanded as much as
m+r to obtain a rectangle 1447 and the rectangle 1447 is
stored in R2.

The steps 1503 and 1504 except for the steps 1501 and
1502 are the same as the algorithm 1302 and 1303 of FIG.
13. In other words, the circle 1441 including an overlap area
obtained as the result of the intersection operation of FIG.
14D is calculated. The center of the circle is defined the
location and the radius is defined as location precision
distance.

FIG. 16 is an algorithm of a ULID processor.

The ULID processor obtains the ULID through the RFID
reader at the request of the LBS application for location
information and calculates location information. The ULID
processor classifies the ULIDs received through the RFID
reader into ULID types 1, 2, 3 and 4 at the request of the
LBS application, and stores the ULID types 1, 2, 3 and 4 in
temporary storages [.1 and B1 of local database 906 (1601).

Next, if the ULID database exists in the local database
906 and the ULID database is available (1602), the ULIDs
of types 3 and 4 are resolved into actual location data by
using the ULID database (1603). Here, since the resolved
ULID of type 4 is point data, the ULID of type 4 is stored
in L1 and removed from conventional B1. The LineString
data and Polygon data of ULID of the resolved type 3 are
stored in [.2 and removed from the conventional B1.

Next, in the next step, ULIDs to be resolved in Bl
remains. If remote ULID database is available 1604, the
DB/Mgt ID is resolved into an IP address of a remote
ULID-location information conversion server through ULID
name service 908 (1605). The data resolved remotely
through the remote ULID-location information conversion
server 907 are stored in L1 and .2 according to each data
type (1606).

The next step is a filtration step 1607 to remove noise data
and unnecessary data. Its algorithm is as shown in FIG. 12.
The optimal location information extraction operation is
performed on the filtered data (1608) and the location
information is returned and terminated (1609). The detail
algorithm of the optimal location information extraction is
as illustrated in FIG. 13.

In the algorithm of FIG. 16, the steps 1602, 1603, 1604
and 1605 can be selectively omitted from the algorithm and
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performed since the hand-held terminal is lack of a memory
and network connection. The compact algorithm can be
usefully used in the hand-held telephone. In the algorithm of
FIG. 16, when the values with which the LBS application
satisfies threshold T is found in the steps 1601, 1603, 1605
and 1607, the steps are terminated immediately and there
can exist the part which the location value is returned.

On the other hand, FIG. 17A illustrates an embodiment of
a ULID name service used in the step 1605 to resolve
DB/Mgt ID in the algorithm FIG. 16.

ULID name service is provided by a local ULID name
service processor 1710 and a remote ULID name service
server 1711. Each a processor and a server has an IP address
table 1712 and 1714 of ULID name service server, DB/Mgt
1D and ULID-to-location information server mapping table
1713 and 1715.

In hand-held telephone, when the local ULID service
processor 1710 is requested to provide ULID name service,
the local ULID service processor 1710 searches local
DB/Mgt ID-conversion mapping table 1713. If local map-
ping is not possible, the local ULID service processor 1710
searches IP address table 1712 of the ULID name service
server, requests the server of the highest IP address to
resolve DB/Mgt ID, and waits for a response during a
predetermined time t. Here, if the server of the highest IP
address is not in an operation state or the local ULID service
processor 1710 does not receive the response in time t, the
local ULID service processor 1710 tries to requests the
servers of the next IP address. When the remote ULID name
server is requested to resolve, the remote ULID name server
searches its own mapping table 1715 and resolve. If it is not
completed to resolve in the mapping table, the remote ULID
name server requests another server in its own server [P
address table 1714 to resolve.

FIG. 17B illustrates an example 1716 of a ULID name
service (UNS) server IP table ULID name service and an
example 1717 of DB/Mgt ID conversion server [P mapping
table. As shown FIG. 17B, the UNS server IP address table
consists of an IP address list. The IP mapping table consists
of a list of mapping information including a pair of a
DB/Mgt ID and an IP address.

On the other hand, FIG. 18 illustrates a procedure of a
self-location informing service using ULID.

In FIG. 18, if an LBS terminal user executes self-location
informing service of a terminal, a local application requests
a local ULID processor to provide location information
(1810). The ULID processor obtains location information
according to algorithm of FIG. 16 (1811), and returns the
location information to an informing service application.
The LBS application transmits the location information to an
external user or an LBS service server (1812) to inform the
location of the user.

FIG. 19 illustrates a procedure of a service in which a user
searches a map in the vicinity of the current location by
using map contents database in a terminal through only
ULIDS of ULID types 1 and 2. In FIG. 19, the ULID
processor calculates location information by using its own
database at the request of the user for a map service (1903).
The user requests that the ULID processor search map
contents (1901). Database finds proper map contents and
returns the proper map contents (1902).

FIG. 20 illustrates a procedure in which a user collects all
information of ULID types 1, 2, 3 and 4 through a terminal
connected to a network, calculates location information, and
requests an external LBS server to provide map contents.

In this case, similar to FIG. 19, the local ULID processor
calculates location information (2010), and uses ULID name
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service and external ULID location information conversion
server through a network (2011). The local ULID processor
receives map contents through external LBS server 2012 by
using the obtained location information (2013).

FIGS. 21A and 21B illustrate a procedure of two different
modes of a service in which an external user requests an
external LBS server to provide a terminal user location.

As the simplest service, there is a friend finding service
provided by the conventional mobile communication com-
panies as an example. In other words, a user who uses
Internet uses a service provided by the external LBS server
to find the location of a hand-held terminal user.

FIG. 21 A illustrates a procedure of performing the service
which is a method of receiving only scanned RFID infor-
mation by using the algorithm of the ULID process of FIG.
22 to reduce operation load of the hand-held terminal as
much as possible, and calculating the optimal location at the
LBS server. In other words, location information can be
processed more rapidly using an algorithm of FIG. 22.

FIG. 21B illustrates a procedure in which a hand-held
terminal uses optimal location calculation. In this method,
when CPU load of the hand-held terminal is increased, and
requires additional Internet cost at the request for external
ULID-to-location information conversion. However, the
flow of the service is very simple.

The algorithm shown in FIG. 22 is a simplified version of
an algorithm of the ULID processor of FIG. 16. Used are a
step to resolve the ULID types 3 and 4 and the method of
returning ULID as itself without performing optimal loca-
tion calculation part.

FIG. 23 illustrates schematic architecture of a service in
which the service method described above is used.

As described above, a ULID data structure, a ULID-based
location acquisition method and an LBS system allow a user
to easily use various LBS through RFID tags embedded in
home appliances, road and buildings in ubiquitous environ-
ment. Since GPS is not used, the cost remains low.

The danger of leakage of private location information is
reduced, which is caused by private information is processed
by a server of a mobile communication company in LBS
provided by the conventional mobile communication com-
pany.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A universal location identifier (ULID) code structure
embodied in a computer-readable medium, comprising:
a header having version information for identitying a type
of ULID code;
data blocks for identifying latitude, longitude and altitude;
and
a data block for identifying precision of unsigned integer
type so as to identify precision of the latitude, longitude
and altitude.
2. The ULID code structure of claim 1, further compris-
ing:
an authentication code data block for authenticating an
organization or a person who records a ULID value.
3. The ULID code structure of claim 1, further compris-
ing:
an authentication code data block for authenticating an
organization or a person who records a ULID value.
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4. The ULID code structure of claim 1, wherein the ULID
code is included in a serial number data block of an EPC-256
code.

5. The ULID code structure of claim 1, wherein the ULID
code is included in a serial data block of an EPC-256 code.

6. A universal location identifier (ULID) code structure
embodied in a computer-readable medium, comprising:

aheader having version information for identifying a type
of ULID code;

a DB/Mgt ID block for identifying a database including
space objects;

a class ID block for identifying an object class or a table
in the database; and

an object ID block for identifying an object class or a
space object in the object class or the table.

7. The ULID code structure of claim 6, further compris-

ing:

an offset value data block for identifying a specific
location in a region of a corresponding space object.

8. The ULID code structure of claim 6, further compris-
ing:

an authentication code data block for authenticating an
organization or a person who records a ULID value.

9. The ULID code structure of claim 7, further compris-
ing:

an authentication code data block for authenticating an
organization or a person who records a ULID value.

10. The ULID code structure of claim 6, wherein the
ULID code is included in a serial number data block of an
EPC-256 code.

11. The ULID code structure of claim 7, wherein the
ULID code is included in a serial number data block of an
EPC-256 code.

12. A universal location identifier (ULID) based location
acquisition method comprising:

(a) distributing RFID tags to a plurality of places and
storing a ULID code for the corresponding place in
each RFID tag;

(b) wirelessly receiving a plurality of ULID codes of the
RFID tags though an RFID reader; and

(c) obtaining location information corresponding to each
of the received ULID codes from a local ULID data-
base and extracting current location information.

13. The method of claim 12, wherein, in the step (a), a
ULID code structure, comprising a header having version
information for identifying a type of each of the ULID codes
and data blocks for identifying latitude, longitude and alti-
tude, is used as the ULID code to be embedded into the
RFID tag.

14. The method of claim 13, wherein, in the step (c), when
the ULID code structure, comprising a header having ver-
sion information for identifying a type of each of the ULID
codes, a DB/Mgt ID block for identifying a database includ-
ing space objects, a class ID block for identifying an object
class or a table in the database, and an object ID block for
identifying an object class or a space object in the object
class or the table, is received, the extracting step comprises
the steps of:

connecting to a ULID name service server;

obtaining an IP address of a corresponding ULID-to-
location information conversion server or a ULID
management server;

connecting to the corresponding ULID-to-location infor-
mation conversion server or the ULID management
server; and

confirming the location information on each of the
received ULID codes.
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15. The method of claim 14, wherein, in the step (c), when
the plurality of ULID codes are received, the extracting step
comprises the steps of:

(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

16. The method of claim 13, wherein, in the step (c), 10
when the plurality of ULID codes are received, the extract-
ing step comprises the steps of:

(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

17. The method of claim 12, wherein, in the step (a), a
ULID code structure, comprising a header having version
information for identifying a type of each of the ULID
codes, a DB/Mgt ID block for identifying a database includ-
ing space objects, a class ID block for identifying an object
class or a table in the database and an object ID block for
identifying an object class or a space object in the object
class or the table, is used as the ULID code to be embedded
into the RFID tag.

18. The method of claim 17, wherein, in the step (c), when
the ULID code structure, comprising a header having ver-
sion information for identifying a type of each of the ULID
codes, a DB/Mgt ID block for identifying a database includ-
ing space objects, a class ID block for identifying an object
class or a table in the database, and an object ID block for
identifying an object class or a space object in the object
class or the table, is received, the extracting step comprises
the steps of:

connecting to a ULID name service server;

obtaining an IP address of a corresponding ULID-to-
location information conversion server or a ULID
management server;

connecting to the corresponding ULID-to-location infor-
mation conversion server or the ULID management
server; and

confirming the location information on each of the
received ULID codes.

19. The method of claim 18, wherein, in the step (c), when
the plurality of ULID codes are received, the extracting step
comprises the steps of:

(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

20. The method of claim 17, wherein, in the step (c¢), when
the plurality of ULID codes are received, the extracting step
comprises the steps of:

(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

21. The method of claim 12, wherein the step (b) com-

prises the step of:

obtaining auxiliary data including signal strength infor-
mation in receiving the ULID code from the RFID tag.

22. The method of claim 21, wherein, in the step (c¢), when
the plurality of ULID codes are received, the extracting step
comprises the steps of:
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(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

23. The method of claim 12, wherein, in the step (c), when
the plurality of ULID codes are received, the extracting step
comprises the steps of:

(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

24. The method of claim 23, wherein the step (c-1)

comprises the steps of:

removing the ULID codes having precision distance
larger than precision distance threshold value in the
received ULID codes;

determining effective signal traveling distance R through
the auxiliary data of signal strength; and

calculating each of distances between the RFID tag and
other ULID codes in a ULID list, and removing a
corresponding ULID code from the ULID list when all
the calculated distances are larger than the effective
signal traveling distance R, so that the final ULID list
is returned as a filtered ULID list.

25. The method of claim 23, wherein the step (c-2)

comprises the steps of:

selecting the ULID codes having least precision distance
among the received ULID codes;

summing the precision distance m and signal traveling
distance r of the RFID tag and defining the result as
location precision distance; and

extracting the current location information as location
coordinates and the location precision distance.

26. The method of claim 25, wherein, when there are a
plurality of ULID codes that have least precision distance,
the step (c-2) comprises the steps of:

if the signal strength s is available, extracting location
coordinates and location precision distance of the
ULID code whose signal strength is largest among the
ULID codes having least precision distance as current
location information; and

if the signal strength s is not available, extracting location
and location precision distance of the ULID code which
is nearest to average location coordinates of the ULID
codes having least precision distance as current loca-
tion information.

27. The method of claim 12, wherein, in the step (c), when
the plurality of ULID codes are received, the extracting step
comprises the steps of:

(c-1) filtering the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength;
and

(c-2) calculating location information of the filtered ULID
codes and estimating an optimal current location.

28. A location based service (LBS) system using universal

location identifier (ULID), comprising:

a plurality of RFID tags distributed at various places, for
wirelessly providing a ULID code of a location;

an RFID reader for wirelessly receiving a plurality of
ULID codes from near RFID tags;

a local ULID processor for extracting current location
information through wirelessly received ULID codes;
and

5

—

0

20

30

55

60

16

a local LBS software application for providing a user with
an LBS on the basis of the extracted location informa-
tion,

wherein the RFID reader obtains signal strength informa-
tion as auxiliary data in receiving the ULID code from
each RFID tag.

29. The LBS system of claim 28, wherein the RFID tag
stores a ULID code of a ULID code structure, comprising a
header having version information for identifying a type of
each of the ULID codes, and data blocks for identifying
latitude, longitude and altitude.

30. The LBS system of claim 29, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes,
and extracting optimal location information.

31. The LBS system of claim 28, wherein the RFID tag
stores a ULID code of a ULID code structure, comprising a
header having version information for identifying a type of
each of the ULID codes, a DB/Mgt 1D block for identifying
a database including space objects, a class ID block for
identifying an object class or a table in the database, and an
object ID block for identifying an object class or a space
object in the object class or the table.

32. The LBS system of claim 31, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes,
and extracting optimal location information.

33. The LBS system of claim 28, further comprising: a
local database having any one of a map information data-
base, an LBS contents database and a ULID-to-location
information conversion database.

34. The LBS system of claim 33, wherein the local ULID
processor obtains location information corresponding to
each of the received ULID codes from the local database and
extracts culTent location information.

35. The LBS system of claim 34, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes
and extracting optimal location information.

36. The LBS system of claim 33, further comprising: a
ULID-to-location information conversion server for provid-
ing location information on a ULID code structure, com-
prising a header having version information for identifying
a type of ULID code, a DB/Mgt ID block for identifying a
database including space objects, a class ID block for
identifying an object class or a table in the database, and an
object ID block for identifying an object class or a space
object in the object class or the table, though a network.

37. The LBS system of claim 36, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes
and extracting optimal location information.

38. The LBS system of claim 33, wherein, when the local
ULID processor receives the ULID code structure, compris-
ing a header having version information for identifying a
type of each of the ULID codes, a class DB/Mgt ID block
for identifying a database including space objects, a class ID
block for identifying an object class or a table in the
database, and an object ID block for identifying object class
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or a space object in the object class or the table, the local
ULID processor connects to the ULID name service server,
obtains an IP address of a corresponding ULID-to-location
information conversion server, connects to the correspond-
ing ULID-to-location information conversion server, and
confirms the location information on the received ULID
codes.

39. The LBS system of claim 38, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes,
and extracting optimal location information.

40. The LBS system of claim 33, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes,
and extracting optimal location information.

41. The LBS system of claim 33, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes,
and extracting optimal location information.

42. The LBS system of claim 28, further comprising:

an external LBS server for providing an external user with

the LBS though wire and wireless Internet on the basis
of acquired location information, and providing the
corresponding L.BS contents though wireless Internet at
the request of the local LBS application.

43. The LBS system of claim 42, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes,
and extracting optimal location information.

44. The LBS system of claim 42, wherein the LBS system
provides a self-location informing service by the steps of:

transmitting the current location information acquired

through the local ULID processor from the local LBS
application to an external LBS server; and

informing an external user of the location though wire and

wireless Internet on the basis of the location informa-
tion at the external LBS server.

45. The LBS system of claim 42, wherein the LBS system
provides a map searching service of current location by the
steps of:

requesting the local ULID processor to provide location

information at the local LBS application;

receiving the current location information from the local

ULID processor at the local LBS application;
providing the external LBS server with the location
information at the local LBS application;

receiving corresponding map contents from the external

LBS server; and

providing a user with the map searching service at the

local LBS application.

46. The LBS system of claim 42, wherein, when an
external user requests the LBS system to provide location
information, the L.BS system provides the location informa-
tion by the steps of:

requesting the local ULID processor to provide the loca-

tion information at the external LBS server;
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transmitting the ULID codes of RFID tags collected
through an RFID reader and auxiliary data to the
external LBS server at the local ULID processor; and
calculating optimal current location by using the ULID
codes and the auxiliary data and providing the external
user with a location information searching service
regarding a terminal user at the external LBS server.

47. The LBS system of claim 46, wherein the local ULID
processor transmits the ULID codes by the steps of:

filtering the ULID codes; and transmitting the filtered

ULID codes and auxiliary data to the external LBS
server.

48. The LBS system of claim 28, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes
and extracting optimal location information.

49. The LBS system of claim 48, wherein the local ULID
processor filters the received ULID codes by the steps of:

removing the ULID codes that have precision distance

larger than precision distance threshold value in the
received ULID codes;

determining effective signal traveling distance R of the

RFID tags though the auxiliary data of signal strength;
and

calculating each of distances between the RFID tags and

other ULID codes in a ULID list, and removing a
corresponding ULID code from the ULID list when all
the calculated distances are larger than the effective
signal traveling distance R, so that the final ULID list
is returned as a filtered ULID list.

50. The LBS system of claim 48, wherein the local ULID
processor extracts the optimal location information by the
steps of:

selecting the ULID code having least precision distance

among the received ULID codes;

summing the precision distance m and signal traveling

distance r of the RFID tags and defining the result as
location precision distance; and

extracting the current location information as location

coordinates and the location precision distance.

51. The LBS system of claim 50, wherein, when there are
a plurality of ULID codes that have least precision distance,
the local ULID processor extracts the optimal location
information by the steps of:

if the signal strength s is available, extracting location

coordinates and location precision distance of the
ULID code whose signal strength is largest among the
ULID codes having least precision distance as current
location information; and

if the signal strength s is not available, extracting location

coordinates and location precision distance of the
ULID code which is nearest to average location coor-
dinates of the ULID codes having least precision dis-
tance as current location information.

52. The LBS system of claim 28, wherein, when the
plurality of ULID codes are received, the local ULID
processor filters the ULID codes by using threshold value of
precision distance and auxiliary data of signal strength,
calculates location information of the filtered ULID codes
and extracting optimal location information.
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